HUNAN) Fe Reference 


NOT TO BE TAKEN FROM THIS ROOM 


A STUDY ON THE PALATABILITY OF 
UREBA-CONTAINING FEED MIXTURES 
FOR DAIRY COWS 


by 


Howard Fredeen 


Department of Animal Science 


UNIVERSITY OF ALBERTA 


April 1947 


Gx apnas 


UNIVERSITA TIS 
ALDERTAENSDS 


hy ai ty 
i 


i) 
PARE: A ih 


ni 


ibe A, 


fut 
i 


gal 
ML 


Digitized by the Internet Archive 
in 2018 with funding from 
University of Alberta Libraries 


https://archive.org/details/studyonpalatabil0Ofred 


UNIVERSITY OF ALBERTA 


FACULTY OF AGRICULTURE 


The undersigned hereby certify that they have read 
and recommend to the Committee on Graduate Studies for 
acceptance a thesis entitled "A Study on the Palatability 
of Urea-Containing Feed Mixtures for Dairy Cows" submitted 
by Howard Fredeen, B.Sc., in partial fulfillment of the 


requirements for the degree of Master of Science. 


{ 


ll 


bset evan yond tect 2 ynisaes Ceng 
tot eelbud2 edeubar® 50 ged Latie® | ont se brenmiooe bas 
YWilidsdsis edt mo ebese a belle tvine akeod¥. 2 ‘eonadqsocn, ; 
bed Imdne "ewod yriad sot cousins eet saittedaod~cert © : 7 
eds to toeml iti iut fsliseg ait 1-088 seeben brewol ws | 
sconeloe to acl 20 estyeb eit tot etnonentupet Be, 


ee vt ah 


A STUDY ON THE PALATABILITY OF 


UREA-CONTAINING FEED MIXTURES FOR DAIRY COWS 


Howard Fredeen 


Department of Animal Science 


A THESIS 
submitted to the University of Alberta 
in eeyeial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE 


Edmonton, Alberta 


April, 197. 


4? WO vaure A 


. Kt 4 " 


ha Ma 
. , <P PE ~ Char nese n jarer 7 7 ext sx) AS eae 
Wer TALE i's. Gdn LAL Bett in oi TuIA Tu ~ASRU 
ne oy 


id L 3 i il " c se re 


x i Nate nl RTH te Ee TAN TRY NA te ten dnim ain retain tibetan ieee tetinen dita eaimmbenaann inthe a anal i ih) 


© i a ae “ Ca. ah 
stiedla to ytlexewinl ens oF. bedtdt: 


0 i tiey eve 
AOA 


UNIVERSITY LIBRARY 7 
re ee OFALBERTA® its 


ACKNOWLEDGEMENTS 


I am particularly indebted to Dr. J. E. Bowstead, 
Associate Professor of Animal Husbandry, under whose guidance 
this experimental work was done and who gave much helpful 
criticism and advice in the preparation of this thesis. Grate- 
ful acknowledgement is also extended to Professor J. P. Sackville, 
Head of the Department of Animal Science, for placing at my 
disposal the facilities of his department. Many thanks are due 
Mr. L. S. Brooks, Dairy Herdsman, University Livestock Farm, who 

devoted much time to the care and feeding of the experimental 
animals. 

Sincere appreciation is expressed to the Consolidated 
Mining and Smelting Company of Canada Limited for financial 


assistance in conducting this experimental work. 


<basedewoU a At etdebat yluelvol 
sonebivg enodw. webs cine centa nOuBe? 


gotitvsose «J ob toeBe To: i 
Yr te gotoalg sot enn Same. om sas ae cy 

ebb eae evlssds ysl sSbanangsh 8H. vadsEitoat ott Senogeib) 
orw inne woodzevid widecevscy resi etna sil alle 


“betebifonned eft of beeeesgxe at nines evoonte 
Letonant? cot hedimtd sbaried 6 yrsqmod: sotdLena Bus peta 
wtsow fadnemtraqxe e isd eae stk consde teas 


TABLE OF CONTENTS 


Page 
PACPOGUCELOM) 6 cc etaje eleles)e 6 cis) 6 sisis cca sce ce scaceccesce ces 1 
Review of Literature ceccccccccsccssesccscscvsecsccccos 2 
Urea-Feeding Experiments at the University of Alberta 8 
FPivstrexperimont: 194219) . sec bec ec anc cescce 9 
Second Experiment: 19-195 cece cee ecceccceecere 12 
Phivd Experiment: 1945-196 ......0.cessccecesee an 
Part i ioc ss ee yes city cone a se 64s uy 
Deity) 12 Vale ores) sa) e/s) «5/6 cle'«e\ 2) s)ele 6 le 18 
PLUM, Sago dood a oa OO be O OBO O6C 21 
Conclusions cecscccccecsccccecce 21 
Palatability Studies During 196-1947 ...........-... 22 
Section 1 = Use of Molasses in Urea Rations ..... 24 
Fran of Experiment <...2....ccccecccs 23 
RESULES coccccescccvccccsvesccsccccce 25 
Summary and Conclusions ..ccerrsccecs 27 
Section 2 = Palatability of Rations Containing 
Small Amounts of Urea ....552% occ sos 28 
Plan of BXPCPIMEME 6 occcccece ceca ee cic 30 
MiG SUV Gi 1c) aie eels ls clele sll slo ose sie) ec) eie ole ce 42. 
, Summary and Conclusions ..eccccocesacs 34 
Section 4 - Additional Studies on the Palatability 
Si GSE Ne icicles cie/siore 0 os cis sisi eves esis aie elie 3h 
le Cobalt Supplementation cessrccccccs 35 


Conclusions eoe@eoeoeeeeoeeoneeseees ®@ 36 


yiiiidese(sd edt no aeltbade facotd LbbA - & acolsoeé 


ree eee See eee nott oubotdtnl 
ee ee a eustaredtd-to welved : 
stad tA lo yditarevia’ ent ds ednemtrogxl’ garthesl-sexU ao 
Pe ey ee eS ee eee . ae 
i. ptacnee ace ee ved ein CHe Lyles itaombregxt brooe’ 7 


patdngena teas sess BUOL- QOL itnemiengal Bune ~ he 


at 

eS i ee OO ee heey On Bi toreT by, a 

‘ A ; an 

ec S tired ai § e 

ey! | : - ha 

se eed © @ 0 6% 8%. 9 8 & 2 me Oe OS Se YUL Sie, a eae 

| | | a 

780 one a6 we + O84 8 4 ee entotesloriod i on, 

t 4 : : d y 

x ' ) » he 

cieoccevscumue TROEMOUCE grtesd, eoteaee wiltdstsis@ gs ; 

essne GHOttsn sexU mt aeeasloM to ea = £ aottoak mine 

‘ oy ee, 

ower viene ad nhe bas ae CHSme Tega Te ee lF 5 f 
: co 

a 66 8 end. B10 b O.a ae @ BS 074, 0 6 4 0 + eee a at fueoh 5 : +n 
| ! : as 

secvesseoowces GO taufono”. Bris yismee is 
~ ae 


gitnigitrrod enotsiah to ytiltidetelsl »~ § aotéoed A 
eccevevceressoe BOTU to atnuomA [lame 7). 


OWS © 0 0 ew 6 6 8 ees toon eax to meld 


eee eee meee sree wmeneseenansesevaas et iveeh 


cocnccccevess SOtantono0 bre yremme ce 


2 0.6 wea We dialatels € so < au Laren aenU to 
Se ended eam notsstnemelgavs® tLadod .£ 


1% 
seeeeeseoeeesessns acoleuLlonov 


ee ee 


TABLE OF CONTENTS (continued) 


Page 


Qe Pree  Choliee .é.ss0s l 02554 oh be tees 36 

Conclusions cecccccccrcccveece 47 

Gamenal:) DISeU aS OM), 6 6.55 :5,5/5/ 4,5 )515, ocsus sc oils ay sie saps 6) a due 38 
GeoncluUSt OMS ic <c1c/s ie «10 os c10 = onc se ee 0s 0's 0 sinless s v6 49 

Me eratuie OTRO. 6 jilted. sec sie s enue Gis bee case eee os ral 
OPO ROA Kate bic o eieus i ieyctahe sede «ove ietetete toe S, Sjaueo Ssbid babve cele ieieue weak (i) 
Joe Sopa Coke CH EA Pa LT ATED EE AES) CDN ara RSE ULC naar Sete ar (i) 

pp emetic eks oc pucsecuanh beeiGNS atin See ieiein eee ee oe (ii) 


Appendix C @eoensnv0 070782 @Oeaeeoeeeeoeeeeaoaeosvneeonaeewnen oem 8&8 &@ & 6 OO @ (v} 


: i» y ‘ 
oe 
Ee gem 
7 ; ; - > - y 

ae eo en ee BITO. 


ee 


ee 


i 


5 


oc 


ite Stare ae Se exotexfoncd 
eae “begko 


7 


ee a 


eee er 
ae oy xtbreqqa 


a 


PE Bare Aired Gaeta RR Us LY, a xibaoedqga , 


ere ee ee ee ee itll se 8) xiboegqa 


. 
* 
o 
< 4 
é 
. 
& 
. 
; 
' 
‘ 
. 
' 
e 
lh 
~. 
® 
i 


A STUDY ON THE PALATABILITY OF 


UREA-CONTAINING FEED MIXTURES FOR DAIRY COWS 


a 


INTRODUCTION 


Urea is a white, crystalline, water-soluble solid 
composed of carbon, hydrogen and oxygen. It has a character- 
istic bitter taste and has long been known as the chief 
excretory product of protein metabolism in the animal body. 

Its synthesis by Wohler in 1828 is one of the earliest recorded 
instances of the laboratory preparation of an organic substance. 

In recent years several methods Hope been discovered 
for the mass industrial production of urea. The newest and 
‘tne most direct process depends upon the interaction of liquid 
ammonia and liquid carbon dioxide in an autoclave. 

eny, + C05, ——___-5 CO(NH,)>5 + H,0 

Synthetic urea has been used extensively as a nitrogen 
fertilizer and in the manufacture of certain plastics. During 
the war years it attained particular prominence as a substitute 
for vegetable and animal proteins in ruminant nutrition. This 
use, which was first suggested almost 70 years ago, was first 
authorized in the United States in 1941. In 196 over 700,000 
tons of commercially mixed feed containing urea were fed in 


the United States. 
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REVIEW OF LITERATURE 


Experiments conducted in 1879 by Weiske, Shrodt and 
Von Danger demonstrated a possible significance of non-protein 
nitrogen in ruminant nutrition. On the basis of this and sub- 
sequent reports Armsby (1), in 1911, advanced the theory that 
microorganisms present in the rumen might synthesize protein 
from non-protein nitrogen. | 

Many of the data from feeding trials conducted after 
this date failed to substantiate the theory. Mitchell and 
Hamilton (22), in a review of the literature available up to 
1929, concluded that the evidence presented was conflicting 
and confusing and did not support any theory of utilization 
of non-protein nitrogen by ruminants. Even as late as 1947 
Krebs, stressing the highly controversial nature of the results 
obtained in experimentation to that date, was not willing to 
state that the theory was justified. 

However, in 191 Owen (2) and Benesch (lL) in separate 
reviews of the most recent experimentation concluded that the 
problem had reached a practical stage and that urea demonstrated 
protein-sparing action in maintenance, growth and milk produc- 
tion of ruminants. 

The experimental data that have brought about this 
acceptance of Armsby's theory are deserving of a brief review. 

From the University of Reading Bartlett and Cotton (2) 


in 1938 published the results of an experiment of four months’ 
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duration in which 21] dairy heifers were fed three experimental 
rations - basal low-protein, basal plus urea, and basal plus 
normal protein (ground nut protein). 

The urea mixture was somewhat unpalatable but statistical 
analysis of the data indicated that the urea nitrogen was 
used in metabolism. Analysis of blood samples from cows of 
the urea-fed and protein-fed groups did not reveal any significant 
differences in their urea and non-protein nitrogen pomeeuae 

The following year Hart et al.(10) at Wisconsin presented 
evidence that urea and ammonium bicarbonate were utilized by 
growing calves. The most efficient utilization apparently 
took place when a soluble sugar, such as corn molasses, was 
fed in the ration. Their data also indicated that too high a 
level of urea in the ration - in this case 2.8# of urea per 
100 pounds of ration - caused diuresis, kidney damage, and an 
increased urea level in the blood. 

To establish the nature of this utilization of non- 
protein nitrogen, Wegner et al, (30), also of Wisconsin, carried 
out experiments to demonstrate the "in Vitro" conversion of 
inorganic nitrogen to protein by microorganisms from the cow's 
rumen. Rumen liquid, secured from the rumen by means of a 
paunch fistula, was used to inoculate artifidal media contain- 
ing urea. They were able to demonstrate that, on incubation, 
the inorganic nitrogen disappeared: total nitrogen remained 
unchanged, and the protein nitrogen increased. 

Following this experiment they conducted an "in vivo" 


study with a rumen-fistula heifer and concluded that this pro- 
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vided definite proof of the conversion of urea to protein (41). 

Their techniques were not without fault and other 
workers, attempting to duplicate the "in vivo" experiment, 
eoncluded tnat the heterogeneous nature of the rumen contents 
made a reliable interpretation of results impossible. 

The results of their "in vitro’ experiment were cone 
firmed by Pearson and Smith (26) of the Hanna Dairy Research 
Institute. Their work, done with ee aie ve eeeaert ingesta, 
proved conclusively that conversion of non-protein nitrogen 
to protein did occur and was microbiological in nature. Con- 
tinuation of this research proved that the protein synthesized 
was actually built into bacterial cells (28). 

The most recent work on this phase of the investigations 
is that of Johnson et al, (1h), 19). Their data add additional 
proof to the theory of bacterial synthesis of protein from 
dietary non-protein nitrogen in the paunch of the ruminant. 
They also demonstrate the relative non-importance of the rumen 
protozoa in this protein synthesis, which is in accord with 
the conclusions of Becker et al.(3) and Smith.(28). 

Concurrent with this phase of the investigations was 
a continuation of feeding trials with various classes of rumin- 
ants designed to demonstrate the comparative value of urea and 
the normal protein supplements in maintenance, growth, and 
production. | 

Many of the data on the feeding value of urea for 
dairy cattle come from Wisconsin. The work of Hart et al. (10) 


with dairy heifers has already been mentioned. Rupel et al. (27) 
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in 1943 published the results of a 3-year experiment in which 
18 Holstein cows spent one complete lactation period on each 
of 343 different grain rations - basal low protein, basal plus 
3% urea and basal plus linseed meal. Another group of six 
cows received the urea mixture plus’ 10% molasses for three 
consecutive lactations. From the standpoint of breeding 
history, calf weights, production, composition and flavor of 
milk, maintenance of body weight of cows, and composition of 
the blood, the urea ration proved as suitable eel the linseed 
meal ration. 

Hastings (11), in 191, conducted a feeding experiment 
with a herd of registered Holsteins whose average production 
record was 437 1b. of butterfat and 12,933 1b. of milk. Seven 
cows, chosen as a test group, received a grain ration contain- 
ing 3% urea while another group of 7 cows was fed the control 
ration containing linseed meal. Milk production during these 
seven months dia not differ between groups and the percentages 
of butter fat and protein did not differ significantly. No 
cases of unpalatability with the test ration could be traced 
to the use of urea. 

Similar results were reported by Owen et al. (25) of 
the Hanna Dairy Research Institute at the conclusion of an 
experiment in which urea was fed to 7 lactating cows in an 
amount equivalent to 25% of the total nitrogen of the ration. 
Blood analyses indicated that the urea content of blood and 
milk tended to increase at the start of a urea feeding period 


and then return to normal as the feeding period progressed. 
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The most recent report is that of Willet et al. (43) 
on the use of urea in eee tons for dairy cows in Hawaii. 
Twenty-six cows were employed in a "double change-over trial" 
with feeding periods of 18 weeks. The urea test ration con- 
tained 2.5% urea. These workers concluded that the dairy 
cow is not able to utilize urea nitrogen as effectively as 
nitrogen from normal protein sources since cows on the urea 
ration showed a reduced production of fat-corrected milk. 

In carefully planned metabolism trials with lambs 
Harris and Mitchell (7, 8) demonstrated that urea was almost 
as efficient as casein in maintaining nitrogen equilibrium. 
They also proved that urea, administered to sheep in amounts 
commensurate with their requirements for maintenance, was not 
excreted through the skin (in contradiction of previous reports) 
and from further trials concluded that the addition of urea 
to the ration at the rate of 3.16% on the dry basis did not 
exert any observable toxic effect on the lambs. 

They were confronted with a problem of palatability 
and found that the most satisfactory method for feeding urea 
was to dissolve it in corn syrup or corn “Eh osees (21). 

Four years of feed-lot experimentation with lambs at 
Cornell (1940 to 19,) (3) failed to indicate that urea was 
of value when fed as a substitute for linseed meal. However, 
these workers state, "It was difficult to keep on feed the 
lambs fed urea nitrogen as a substitute for all the linseed 
meal nitrogen" and we might expect that this unpalatability 


could have an adverse effect on rate of growth. 
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Most recent experimentation has been designed to study 
the influence of certain dietary constituents on the utiliza- 
tion of urea. 

In 19.2 Mills et al. (19) demonstrated that the micro- 
organisms responsible for the synthesis of protein from urea 
nitrogen required a source of readily available energy to 
effect the most efficient synthesis. In later experiments 
with a rumen-fistula heifer (20) they found that starch or 
some other carbohydrate less soluble than soles Bec was required 
for the greatest efficiency. In these experiments addition 
of casein was noted to produce the same effect as the addition 
of starch. 

This supplementary effect of casein was also noted 
by Johnson et al.(13) in experiments with sheep but not until 
195 was this subject intensively studied. In that year 
Loosli and Harris of Cornell (16) reported on feeding trials 
demonstrating a supplementary effect of methionine when added 
to urea rations fed to lambs. This has initiated a new phase 
of research on the nutritional requirements of the micro- 
organisms of the paunch and on the probability that such 
supplementation will increase the value of urea in rations. 

There have been many other experiments involving 
the utilization of urea nitrogen by ruminants. Some have 
studied the value of urea in maintenance rations (29), some 
have studied the toxicity of urea (45), while others have 
investigated the biological value and digestibility of urea. 
The overall results of these experiments may be summed up in 


the following words: 
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Non-protein nitrogen has a definite value in ruminant 
rations and its value as a protein substitute is influenced 
by dietary factors which affect the growth of the rumen 
microfauna. 

Urea as the source of non-protein nitrogen may have 
toxic effects (an increased urea blood level, diuresis and 
kidney damage) if fed in excess, but amounts up to a level of 
1% of the dry material in the ration have not proved harmful. 
The usual recommendations are that urea may be fed so as to 
constitute not more than 1% of the dry matter in the ration 
or 3% of the concentrate mix, or that the protein equivalent 
of the added urea nitrogen shall not be greater than one-third 
of the total crude protein nitrogen of the ration. 
| The unpalatable nature of urea has been borne out by 
several experiments (2, 6, 15) and it is possible that palat- 
ability may be a limiting factor in the use of urea as a protein 


substitute. 


UREA-FEEDING EXPERIMENTS AT 
THE UNIVERSITY OF ALBERTA 


In the fall of 19,3 experimentation was initiated at 
the University of Alberta to determine the value of urea under 
Alberta feeding conditions. The experiments, which extended 
through the winters of 19)3-l) and 19-5 were financed in 


part by a grant from the Consolidated Mining and Smelting Co. 
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Since many of the data previously reviewed were published 
after the commencement of these trials they were not avail- 
able as a guide in planning the experimental approach to be 


followed. 
First Experiment: 1 =-1 


Four pair of cows were chosen for this experiment. 
They were matched for breed, milk flow and stape of lactation 
but it was not possible to match them evenly for butterfat 
test. One cow of each pair received the linseed meal grain 
mixture containing enough of the natural protein supplements 
to raise the crude protein equivalent to 17.2% and the other 
cow of each pair was fed a grain mixture in which all of the 
linseed meal and a small portion of the wheat bran was re- 
placed by 2 1/2% of urea. Enough of the carbonaceous feeds 
were added to this urea mixture to give it practically the 
same T.D.N. content as the linseed meal mixture. Table I 


gives the composition of these two grain mixtures. 


Table I 
Composition of Urea and Linseed Meal 


Grain Mixtures 


Urea Linseed Meal 
Wheat bran 390 00 
Oats 12h9 00 
Barley 412 200 
Urea tke) me 
Linseed meal = 600 

2000 2000 


Crude protein equivalent 
(N x 6.25) 18.0% 172% 
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- Roughage requirements of all cows were met by a 
ration of oat-silage and mixed timothy-alfalfa hay. All 
cows were fed according to Morrison's feeding standards and 
using weekly data on production and body weights. 

Two pair of these cows were fed the experimental ration 
for 1) consecutive weeks while the other two pair received it 
for 9 and 7 weeks respectively. 

Table II summarizes the results obtained in this feed- 


ing trial. 


Table II 
Effect of Urea When Used as a 
Substitute for Linseed Meal 


Change in Total Total Ad justed to 
Lot | Ration body wt. Av. Test. milk Pdn. B.F. Pdn. o> milk 
1 Urea + 123 lbs. 4.02 117499 354.9 10029.0 


2 Linseed 
meal +17 tes. 3.5 1183.7 h1s.8 11035.7 


It will be noticed that while the two lots made similar 
gains in body weight and differed only 0.80% in total milk 
production the average butterfat percentage of milk from the 
urea-fed cows was definitely lower than that from the groups 
fed linseed meal. This not only affected the amount of butter- 
fat produced but also resulted in a difference of 1,006.7 pounds 
of milk when corrected to 4% butter fat content. 

However, bones it was not possible at the beginning of 


the trial to match the cows evenly for fat test, this difference 
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in fat production could not be attributed to the difference 
in the rations fed, 

Data obtained during this trial indicated that the urea 
ration was not completely palatable to dairy cows. While all 
cows fed the urea mixture consumed it more slowly than they 
had consumed the linseed meal mix, certain individual cows 
demonstrated more dislike than others. One cow on the urea 
ration gradually went off feed and was removed from the experi- 


ment after she had lost considerable weight. 


Second Experiment: 1 m1 ‘ 


Data obtained in the first experiment were considered 
insufficient to provide a conclusive answer to the effect of 
substituting urea for linseed meal. Consequently, a similar 
experiment was outlined for the winter of 19-5. 

Fourteen c ows in all were chosen for the experiment 
but since two of them went off feed early in the feeding period 
it was possible to make comparisons between only 12 cows. 

These cows were divided into lots,matched as evenly as possible 
for breed, age, stage of lactation, milk flow and body weight, 
and allocated to three different rations in such a way that 
direct comparisons were possible between each of the follow- 
ing grain mixtures: 

1. Urea (2%) 

2. Urea (1%) and linseed meal. 

4. Linseed meal. 

Table III gives the composition of these three grain 


mixturese 
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Table III 


Composition of the Grain Mixtures Fed 


Linseed meal 


Urea-linseed 
Urea mixture meal mixture mixture 

Wheat bran OO los. OO lbs. 400 lbs. 
Oats 1160 1030 " oo" 
Barley MOOn a! hog, ® 00)5 * 
Urea OTe 20°." - 
Linseed meal - IS ae 400. ® 

2000 lbs. 2000 lbse 2000 lbs. 


Crude protein equivalent 


(N x 


6.25) 


18.18 


16 4% 


111.8% 


The roughage requirements of these cows were met by 
green oat silage and a mixed timothy-oat hay. As in the 
previous experiment the cows were fed according to the Morrison 
standards and using the weekly data for body weight and 
production. 

Table IV summarizes the results obtained in this 
experiment. 

In general it may be stated that the substitution of 
urea for all or part of the linseed meal in the grain mixtures 
fed to lactating cows had no discernible effect on their milk 
production, fat production or body weight. UVifferences in fat 
test between comparable groups were between 0.05% and 0.08%, 


which proves that, under the conditions of this trial, the 


feeding of urea had no effect on the butter fat test. 
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Once again, however, the problem of palatability 
appeared. Cows receiving a grain mixture containing urea 
always consumed it more slowly than they did a grain mixture 
containing bran and linseed meal as the protein supplements. 
Three cows, two Jerseys and one Holstein, refused to eat 
enough of the grain mixture to meet body requirements and had 
to be withdrawn from the experiment. 

A thorough review of literature dealing with the 
feeding of urea to dairy cattle revealed no direct mention 
of unpalatability and further experiments were deemed essential 


to study this problem. 


Third experiment: 1 eats 


In the fall of 1945 the Department of Animal Science 
undertook experimentation designed solely to investigate this 
palatability problem. The experiment was divided into two 
parts: 

(1) The possibility of accustoming animals to the taste 
of urea by its gradual inclusion in their concentrate mixture. 

(2) The effect of including certain feeds in the ration 


to disguise the taste of urea. 


Part I: Three groups of cows were chosen for this part of the 
experiment. Cows of lot 1 were abruptly changed from a linseed 
meal mixture to a mixture containing 2% urea. The other two 
groups received gradually increased amounts of urea in such a 


way that cows of lot 2 received the full 2% urea mixture at 
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the end of three weeks and cows of lot 4 received it at the 
end of five weeks. 
Table V indicates the rate at which urea was included 


in the rations of the 4 lots. 


Table V 
Rate at which urea was substituted for the linseed meal of the 
concentrate mixture in terms of the percentage of urea 


added to the ration. 


Lot 1 Lot 2 Lot 4 
Preliminary weeks no urea no urea no urea 
lst experimental week 2.0% 0.33% 0.33% 
2nd experimental week 2.0/4 0.80% »56 
rd experimental week 2.0% 1.60% 0.99% 
th experimental week 2.0% 2.00% 1.33% 
th experimental week 2.0% 2.00% 1.66% 
th and succeeding weeks 2.0% 2.00% 2.00% 


The remainder of the cows in the herd were fed the 
usual linseed meal mixture and served, in a general way, to 
check the frequency of digestive and palatability disturbances. 

The urea mixture and the linseed meal mixture were 
constituted as shown in Table VI. These mixtures were combined 
in proper proportions to obtain mixtures containing less than 


2% urea. 
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Table VI 


Composition of the Concentrate Mixtures Fed. 


Urea Linseed meal 
Barley 1,00 ),00 
Oats 1160 00 
Wheat bran 1.00 00 
Linseed meal - 400 
Du Ponts "262" Urea nce O. Bin ar 
2000 2000 
Crude protein equivalent : 
(N x 6.25) 19.1% 175% 


The urea (Du Ponts "262" feed compound) was passed 
through a 1/16" screen before mixing to remove the small, 
hard lumps that were invariably present. To ensure thorough 
mixing all concentrate mixtures were mixed for one-half hour 
in a mechanical vertical-auger type mixer. 

Roughage consisted of alfalfa, green oat hay and 
green oat silage. The cows were fed in accordance with the 
Morrison standards using weekly data of body weight and 
production. 

Ten Holsteins and six Jerseys were fed for periods 
varying from 3 to 22 weeks in length. These cows were chosen 
so as to represent all stages of lactation and, when placed 


on the experiment, received grain allowances of 6# to 15# daily. 


Results: 
At no time did any cow on urea show the same relish 
for her grain allowance as did cows fed the standard linseed 


meal mixture, since they were slow to consume their allowance 


Ss far an 


“Re. 7 


aewiie new (bawoamos beet "Soo" etnot Pia ee ‘ ae 
~ileme ect evomet ot eabxin eroted owen a A 8 davomes ih : 
davotonst srueane of a, pide neve etew tadd aqme bie 
swod tist-srio tot vextn e1ew eoundxta edancneonog ite sata tm i 
texte equa: ‘Aogui-Leottaey feotossoon 3 Lae ao 

bas {ed deo deorg Siisifs to betefanos eyarignod | Plat) a 

ed} diiw sonebiooss fit Del orew ewoo ed? - ogatte +80 seen: 
bas tdgtew thed lo ateb yideow nabass sbashande coekaroM 
atiotd onhee | 

ebolasq To% bel stew eyeetel aie Hue ecbedelod seT | 
ftezods stow awoo saedt sfidgnek af exoew SS ot § mort satya 
beorlg nedw .bre notisd oat to eegsite fis: Ineeerqen ot ae oe 
- e¥lteb Sel aot ¥O 40 eeonswolte ficteng bevieoes Sentra edit 10 ; ; , 


ep deter emec odd wore set mo woo ys bib nan all weal 
a  beeentl bishoedea edd bet ewoo btb as. e : 


spare tiedt envenoo ot wole exew vent ‘* +f 


-l7- 


and rarely licked up the last traces of grain in their manger. 
This had, however, no apparent adverse effect on body weight 
or milk production. 

More aversion to urea was demonstrated by cows in 
Lots 2 and 4 that were gradually brought to a 2% urea mixture 
in three and six weeks respectively than by the cows in Lot l 
that were suddenly switched to the 2% urea mixture. The 
explanation for this is not apparent from the present datae 

However, in addition to this rather passive aversion, 
there were five cows that developed an active dislike for the 
urea. These cows consumed their grain allowance more or less 
normally during the first part of the experiment and seemed 
to become accustomed to the urea. However, after about twelve 
weeks, they started to refuse part or all of the grain allowance 
and reduced milk yields and a decrease in live weight eoceea 
resulted. It was found impossible to bring these cows back 
to full grain consumption on the urea ration but when they 
were offered ae linseed meal mixture they consumed it with 
great eagerness. 

The results proved that gradually ineresciee the 
‘urea allowance over a three- or a six-week period did not 
accustom fhe cows to the taste of urea as all cows gave evidence 
that they disliked the urea mixture. 

The results also confirmed the results secured in the 
two previous trials and added further weight to the conclusion 
that urea feeding cannot be recommended until some successful 


method for its feeding is discovered. 
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In addition to these cases of unpalatability there 

was evidence that even low levels of urea in the ration might, 
in certain cases, have a harmful effect on the kidneys. One 
cow used in this experiment had developed a kidney disorder 
the previous year but had apparently recovered. On the urea 
ration she received 0.12 pounds of urea daily for 21 days 
during which time she lost weight and declined markedly in 
milk production. In the fourth week she suddenly refused all 
feed, showed an increased pulse and respiration rate and began 
to pass blood in her urine. The feeding of urea was immediately 

discontinued and in two weeks these symptoms of serious 
disorder had passed. However, she remained in an unthrifty 
condition for the balance of the winter and showed continuous 


diuresis. 


Part 2: To determine whether certain feeds will disguise the 
taste of urea. 

When cows developed a definite dislike for the urea 
mixture fed in the first part of this experiment their rations 
were altered to determine whether (a) a urea-corn grain mixture, 
(ob) the addition of molasses, (c) a change in kind of hay fed, 
would disguise the taste of urea and render rations contain- 
ing hE 5 Se nboeuna more palatable, 

The urea grain aietubs containing corn was formulated 
as recommended by the manufacturer of the "262" feed compound 
while 10% of molassés (Betalasses) was added to the o% ures 


grain mixture to compound the molasses mixture. The composi- 
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tions of the corn and molasses mixtures are shown in Table 


Vil. 
Table VII 


Composition of the Grain Mixtures Containing Corn or Molasses 


Corn Mixture Molasses Mixture 

Barley 500 100 
Corn 500 = 
Oats 500 1160 
Wheat middlings 200 = 
Wheat bran 21k FKeye) 
"262"urea 3 ho 
"Betalasses” = 200 

1957 2200 
Crude Protein Equivalent 

(N x 6.25) 19.1% | 18.5% 


Other cows were fed prairie hay in place of the alfalfa- 
hay portion of their roughage allowance to determine whether 
a change of hay would alter their reaction towards the urea 


mixture. 


Results: 

(a) The urea-corn mixture was offered to only two 
cows. While both consumed it with somewhat more relish than 
they had the previous urea mixture, neither one would eat 
enough to meet body and production requirements. During the 
second week one cow refused to eat any of the urea-corn mix- 
ture during a 2lhehour period. The other cow also failed to 
consume her daily allowance after three weeks of feeding the 
urea-corn mixture. While only two cows were used, they gave 
sufficient evidence that the addition of corn did not wholly 


disguise the taste of urea. 
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(ob) Of the four cows used to study the effect of 
changing the roughage, three had demonstrated no more than a 
passive dislike for the urea mixture. Prairie hay was sub- 
stituted for the alfalfa hay which had been fed. The three 
cows mentioned remained on prairie hay for 14 weeks, and dur- 
ing this time consumed their urea mixture with no greater 
lack of enthusiasm than that demonstrated by cows receiving 
alfalfa. The fourth cow that had already shown a definite 
dislike for the urea mixture when receiving alfalfa, continued 
to show the same dislike when prairie hay was fed. When, 
after three weeks, she was returned to alfalfa she continued 
to refuse her grain. 

The feeding of the different hays apparently did not 
Pete any effect on the way the cows ate their urea mixture. 

(¢) Molasses was added to the urea mixture fed to two 
cows that showed a definite dislike for urea. The urea= 
molasses mixture proved exceptionally palatable, and for the 
first time in the experiment cows fed a urea mixture showed 
a keen appetite for their grain. They received this urea- 

molasses mixture for four weeks, during which time they con- 
sumed their full allowance without hesitation. The grain 
mixture was increased from 2% to 3% urea and fed to the same 
cre oons: During the five weeks they were under observation 
on this increased urea minlowstee they failed to show even the 


slightest dislike for the urea-molasses mixture. 
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Summary 3 


1. Urea, when added to mixtures of feeds commonly 
used in dairy rations, causes the mixture to pe unpalatable 
and as a result the animals may refuse to consume their re- 
quired minimum daily allowance. 

2. Gradual inclusion of urea in the grain mixture 
will not accustom the cows to the taste of this feed compound. 

3. The inclusion of corn in the urea mixture made it 
somewhat more palatable, but this method of feeding urea does 
not seem applicable in western Gatade when the availability 
and cost of corn are taken into consideration. 

) lh. Type of roughage fed has little or no effect on 
the palatability of the urea mixture. 

5. Molasses (Betalasses), when added to a 2% or 3% 
urea concentrate mixture, successfully disguised the flavor 


of ureae 


Conclusions: 
This experiment emphatically confirmed the unpalatable 
nature of urea and demonstrated, in a limited way, how urea 
may be successfully fed. However, several problems related 
to palatability of urea still remained unsolved, 

One problem is to determine the minimum amount of 
molasses required to ensure palatability of grain mixtures 
containing various amounts of urea. A second problem is to 
investigate the basic cause for the unpalatable nature of urea 
and to establish whether continued feeding of urea may cause 


any physiological disturbance. 
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Further experiments were outlined to study these two 
problems and this phase of research was commenced in the fall 
of 1946 with financial assistance from the Consolidated Min- 


ing and Smelting Company of Canada, Limited. 


Palatability Studies During 19).6-19l,7 


Originally this study was planned to investigate the 
amount of molasses required to ensure the palatability of 
a concentrate mixture containing the maximum amount of urea 
that might be fed. (The Association of American Feed Control 
Officials' Resolution No. 20 adopted in 191 and amended in 
19h) reads in part, "....Urea is to be used only in such 
limited quantities as to.insure that the total amount present 
does not exceed 3% of the total grain ration".) 

As this experiment progressed the results obtained, 
together with information gained from correspondence with 
various commercial feed companies and experimental stations, 
Suggested that other experiments of importance in the study 
of palatability be undertaken in addition to that of the use 
of a molasses supplement. 

Thus the results of the experiments with urea during 
the winter of 196-17 are dealt with under the following sections: 

(1) Use of molasses in urea rations. 

(2) Palatability of rations containing small amounts 


of urea, 


(3) Additional studies. 
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Section 1 = Use of molasses in urea rations 


Plan of Experiment 


Three lots of four cows each were chosen for this 
experiment. Both Jerseys and Holsteins were included in 
each lot to determine whether there was any breed difference 
in the response to molasses supplements. 
| Since the problem was one of palatability and not of 
production it was not necessary to select the cows on the 
basis of age, milk production or fat production. However, 
an attempt was made to choose cows near the beginning of 
lactation to ensure feeding periods of reasonable length. 

A concentrate mixture containing 3% urea was prepared 
and molasses added to portions of it to formulate mixtures 
containing 0%, 3%, 5% and 10% molasses. Table VIII shows the 
composition of these mixtures as well as the allocation of the 
three lots of cows to these mixtures. The 10% molasses mix- 
ture was to be fed only to those cows that refused the other 


mixtures. 
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Table VIII 


Composition of the Concentrate Mixtures 


Lot 1 Lot 2 Lot 4 
0% molasses 3% molasses 5% molasses 10% molasses 


Barley 5.0 5.0 54.0 54.0 
Cats . 1200 1200 1200 1200 
Bran 200 200 200 200 
"562" Urea | 60 60 60 - 60 
Betalasses - 60 100 200 
2000 2060 2100 2200 

DiaPig. 17-13% 16.71% 16 li% 15.80% 

DLN, 71.2% 70.69% 70.65% 70.11% 

Crude Protein 7 
Equivalent 7 
(N x 6,25) 20.26% 19.90% 19.66% 19.12% 


The concentrate mixtures were prepared in a mechanical 
vertical-auger type mixer. Du Ponts "262" feed compound wae 
the urea source and it was passed through a 1/16" screen before 
mixing to remove the many small but hard lumps always present. 
To Adieure thorough mixing the urea mixtures were run through 
the mixer for one-half hour. Betalasses, a by-product of the 
sugar refinery at Raymond, Alberta, was premixed with oats 
before placing in the mixer. This method ensured a uniform 
incorporation of the molasses throughout the entire mix. 

The cows were supplied with as much hay and green 
oat silage as they would readily consume. The hay, of excellent 
quality, consisted of one-half alfalfa and one-half timothy. 

‘Silage was also of good quality. Salt, bonemeal and water were 
fed ad lib. 

Quantitative nitrogen determinations, using the Kjeldahl 
method, were carried out on all feeds, and the percent of crude 


protein was calculated. From these figures, and using the 
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digestion coefficients reported in "Feeds and Feeding" (2%) 
it was possible to calculate the percent digestible protein 
in each feed. All these data appear in Appendix A and were 
the basis for calculating the digestible protein of the rations 
fed. The itemized analyses for T.D.N. and D.P. of each con- 
centrate mixture fed during this part of the experiment are 
given in Section I of Appendix B. 

The cows selected for this feeding trial received 
grain allowances varying from 5 pounds to 11 pounds daily at 
the start of the experiment. They were fed in accordance with 
their requirements as recommended by Morrison (23). 

The allocation of cows to these experimental rations, 
their daily grain allowances at the start of the experiment, 
and the general results obtained appear in Section I of 


Appendix CG. 


Results 
Results obtained did not indicate that either 3% or 5% 
of molasses was effective in improving the palatability of a 
3% urea mixture. However, within any one experimental lot, 
| individuality and breed of the cow were the most important 
factors determining their response to the urea-molasses rations. 
In lot 1 (no molasses) only one cow, No. 2, showed a 
strong dislike for the ration. After the first 5 weeks of the 
experiment her grain consumption was below hee requirements so 
she was given the 10% molasses mixture. After 3 weeks on this 
ration her grain consumption was back to normal and she was 


transferred to the 3% molasses mixture. She gave no evidence 
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of dislike for this ration and was taken off the experiment at 
the completion of her lactation. 

Two other cows, No. 1 and No. 4, showed some dislike for 
the 3% urea mixture but always consumed it readily when it 
was mixed with silage. Cow No. lL, receiving 10 pounds daily 
of this grain mixture, did not refuse the urea ration once 
during the 20 weeks she received this ration. 

In lot 2, (3% molasses) cow No. 5 was on experiment for 
only 4 days when she refused her grain allowance completely. 
She was replaced by cow No. 7 who showed no dislike for the 
ration and was retired from the experiment 12 weeks later when 
she completed her lactation. 

Cow No. 6 showed some dislike for the ration but up to 
the 15th week on the experiment she consumed her grain readily 
when it was mixed with silage. In that week, however, she 
suddenly went off feed and was then transferred to the experi- 
ment described in section (3%) of this report. 

The two Holsteins, No. 8 and No. 9 of this lot, did not 
at any time during the experiment refuse to eat their grain 
allowance. 

In lot 3 (5% molasses) a response was obtained similar 
to that secured in lot 2. One cow, No. 10, refused to eat 
enough of the 5% and later of the 10% molasses mixtures to 
meet her requirements so she was taken off experiment. Cow 
Noe 11, though she showed some dislike for the ration, would 


always consume the grain readily when it was mixed with silage. 
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However, she completely refused her grain in the 14th week and 
was then transferred to the experiment described in Section (3). 
of this report. 

The two Holsteins of this lot, No. 12 and No. 14, did 
not refuse their grain at any time during the experiment. 

One general observation made during the course of this 
experiment was that all cows in the 4 lots mentioned showed 
some distaste for the urea-containing grain mixtures and failed 
to show the same eagerness at grain feeding time as that evinced 
by cows on the standard linseed meal nies. This reaction 


was evident throughout the experiment. 


Summary and Gonclusions 
Molasses, when constituting 3% or 5% of the 3% urea 


mixture, did not definitely influence the palatability of the 
rations, and even the inclusion of 10 molasses did not ensure 
that a 3% urea mixture would be palatable to all cone 

The results are confused by the existence of a definite 
breed difference in response to the urea=jmolasses rations. Six 
of the seven Jerseys fed in the experiment demonstrated a more 
or less marked dislike for the urea mixtures while only one of 
tthe six Holsteins showed a similar response. 

Another confusing factor is the extreme individuality 
of the cows within a breed. This seems to be the most import- 
ant factor in determining the response that will be given a 


concentrate mixture containing urea. 
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Since several of these cows were on urea rations in the 
winter of 195-46 results obtained show that previous feeding 
of urea had no apparent influence on their reaction towards 
urea in the present experiment. 

One additional observation made during the course of 
this experiment was that many instances of grain refusal were 
overcome by mixing silage with the grain at feeding time. From 
this it seemed reasonable to assume that the silage partially 
iaeuiged the taste of the urea. 

The results of this experiment do not indicate what 
influence 3% or 5% of molasses might have on the palatability 
of grain mixtures containing less than 3% of urea and further 


study on this problem is warranted, 


Section 2 - Palatability of Rations 


Containing Small Amounts of Urea 


Since 1943 feeding experiments with urea at the Univer- 
sity of Alberta consistently demonstrated that rations contain- 
ing from 1% to 3% of urea were unpalatable to dairy cows. 

At the same time reports from American experiment stations 
Stated that rations containing 3% of urea were completely 
palatable and, on the basis of these results, feed control 
officials recommended that up to 4% of urea could be included 
in commercial dairy concentrate mixtures. 


As the results obtained at the University of Alberta 
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were consistently in opposition to the conclusion reached by 
American authorities it was felt that correspondence with the 
various experiment stations and with the feed companies that 
include urea in their commercial mixes might provide valuable 
information regarding palatability. Accordingly, two form 
letters were prepared. One, sent to experiment stations at Utah, 
Cornell, Illinois and Wisconsin and briefly reporting results of 
experiments at the University of Alberta, requested information 
that could help to explain the divergency of results obtained. 
The other letter, sent to commercial feed companies, enquired 
about their experiences with palatability, the feeds used in 
compounding their urea mixtures, and other factors that might 
have a bearing on the problem. 

Replies from the Illinois and Cornell stations indicated 
Similar palatability problems. At Illinois the most satisfactory 
method found for feeding urea was to dissolve it in corn syrup 
or molasses (21). Cornell workers (15) suggested that urea be 
fed at a level of 0.5% of the concentrate mixture to ensure 
palatability. Dr. L. E. Harris of Utah (6) also suggested that 
urea be included at less than 1% or 2% of the concentrate mixture. 
The reply from Dr. G. Bohstedt of Wisconsin (5) mde osted that 
there might be a difference in the reaction of breeds, since 
their work was done entirely with Holsteins. He also mentioned 
that the urea mixtures were usually fed on top of the allowance 
of corn silage. , 

The replies received from the various feed companies may 


best be summarized as follows: 
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(1) Four companies reported that palatability of the 
ration was an important factor if the level of urea was too 
high. One company stated that they received reports of un- 
palatability with their feed when it contained 1% by weight 
of urea. 

(2) Heavy-producing cows and cows accustomed to careful 
feeding and management were most likely to show dislike for 
the urea mixtures. 

(3) The amount of urea used in their concentrate mixtures 
ranged between 0.25% and 1%. Those containing the lower levels 
of urea proved most satisfactory. 

(4) It was the general opinion that olla steel: included 
in the concentrate mixtures, accounted for some degree of 


palatability. 


One general conclusion drawn from this correspondence 
was that the previous recommended levels for the feeding of 
urea were too high and that 0.5% of urea was probably the upper 
limit at which urea should be included in a concentrate mix- 
ture if palatability was to be guaranteed, 

| Accordingly, an experiment was outlined to investigate 
the palatability of grain mixtures containing 0.5% and 1% of 


UPEaAe 


Plan of Experiment 
Every attempt was made to formulate the 0.5% and the 1% 


urea grain mixtures from the same feeds as those used in the 
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linseed meal mixture fed to the dairy cows in the herd not on 
experiment, in order to minimize the use of grains such as 
barley that might have some influence on palatability. 

Table IX shows the composition of these two urea mix- 


tures. The linseed meal mixture is included for comparison. 


Table IX 


Composition of the Concentrate Mixtures 


Lot 1 Lot 2 
1% Urea 0.5% Urea Linseed Meal 
Barley 290 pounds = : = 
Oats 600..." 745 pounds 800 pounds 
Bran LOO: 1% 200—s® 200." 
Linseed Meal ~ 50 una he LOOu 
"262" Urea 16.8 Suey _- 
| 1000 i 1000 1100 : 
D2. 12.6h% 13.14% 12.70% 
T.D.N. 73 60% 71 34% 71.96% 
Crude Protein 
Equivalent , . 
(N x 6.25) 15.36% 16.20% 15.74% 


These concentrate mixtures were prepared in the same 
manner as those mixtures fed in the experiment described in 
Section 1. The itemized analysis for T.D.N. and D.P. of each 
mixture is given in Section II of Appendix B,. 

Nine cows, most of them in an early stage of lactation, 
were selected for this oF eer ene. Lot 1, consisting of 5 
Holsteins, was assigned to the 1.0% urea mixture, while Lot 2 
with 2 Jerseys and 2 Holsteins was assigned to the 0.5% urea 
mixture. Their grain allowances at the start of the experiment 


varied from 8 pounds to 14 pounds daily and grain was fed in 
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accordance with their requirements as recommended by 
Morrison (23). 

The roughages fed were the same as those fed in the 
experiment described in Section 1 and salt, bonemeal and water 
were fed ad lib. 

A summary of the allocation of these cows to their ex- 
perimental rations and the general results obtained appears in 


Section II of Appendix C, 


Results 


The results obtained demonstrated some difference in 
palatability of these two mixtures and emphasized the import- 
ance of individuality of the cow in determining response to 
rations containing urea. 

Four Holsteins of lot 1 (1% urea), whose grain allowances 
ranged from 8 pounds to 12 pounds daily, did not at any time 
show dislike for the 1% urea ration. They consumed their grain 
readily and during their l2 weeks on experiment showed no 
periods of feed refusal. The fifth Holstein, No. 18, however, 
refused to eat the grain mixture the first day so she was trans- 
ferred to lot 2 on the 0.5% urea ration. 

All but one of the cows in lot 2 (0.5% spon) showed 
dislike for their grain allowance. This one cow, No. 18, that 
had refused to eat the 1% urea mixture, did not show any dis- 
like for the 0.5% mixture which she received for an experimental 


period of 12 weeks. Cow No. 19, another Holstein, initially 
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showed dislike for the grain mixture by incomplete consumption 
of her daily grain ahieweues. but as the experiment progressed 
she apparently became accustomed to the ration and cleaned up 
her allowance more completely. In the 8th week on experiment 
she was offered the 1% urea mixture but, as she refused this 
mixture after the first feed, she was returned to the 0.5% 
urea mixture. 
| One of the two Jerseys of this lot refused the grain 

mixture completely after the first feed and was withdrawn from 
the experiment. The other Jersey, No. 21, receiving 9 pounds 
daily of the mixture, demonstrated distaste by slow consumption 
of her grain allowance. This response was evident throughout 
the 8 weeks she was on experiment. 

| While these results would seem to indicate that the 1% 
urea mixture was more palatable than the 0.5% urea mixture the 
more logical interpretation is that the response obtained in 
the two lots is just further evidence of the differences in 
breed and the individuality of the cows. This is demonstrated 
by the fact that the two Jerseys showed dislike for the 0.5% 
urea mixture while four Holsteins ate the 1.0% urea mixture 
with no indication of distaste. In support of this conclusion 
it is significant that though some cows that refused to eat 
the 1.0% urea mixture would eat the 0.5% urea mixture the 


reverse situation never occurred. 


Summary and Conclusions 


In this experiment, while even the 0.5% urea mixture was 
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not palatable to all cows it was quite apparent that such a 
mixture was more palatable than those mixtures containing a 
higher concentration of urea. Brest these data it may be con» 
cluded that the amount of urea in a concentrate mixture is an 
important factor in determining the palatability of that mix-= 
ture. Additional data were obtained in support of the observa- 
“sien that there is a breed difference in response to urea 
rations. | 

omeee Senecener studies on the palatability of the 0.5% 
urea mixture are essential since additional data ne required 
to establish: 

(1) the proportion of cows that will refuse to eat 
grain mixtures containing this amount of urea, and the amount 
of urea that such cows will tolerate in their concentrate mixture. 

(2) the amount of molasses required to ensure the palat- 


ability of a 005% urea mixture to such cows. 


Section 4 = Additional Studies on 


the Palatability of Urea 


(1) Cobalt Supplementation: 


During the urea-feeding experiments of 195-16 it was 
noted that 5 cows ate the urea-grain mixture for about 12 weeks 
before manifesting marked dislike for it. This reaction suggested 


that continued feeding of urea may have in some way upset either 
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the physiology of the cow or the physiology of rumen digestion. 
To investigate these suppositions urine samples were collected 
from these cows and analyzed for pH and total nitrogen content. 
The pH of all samples was found to be within the normal range 
but the total nitrogen content was above the normal level. 

This increase could, however, be readily interpreted as a result 
of the decline in milk production that accompanied the period 
off feed. It was thus impossible to Five any definite explana- 
tion of this delayed reaction to urea feeding. 

In the experiment of 196-7 a similar response was ob- 

tained. Two cows, No. 6 and No. 11, after consuming their 
3% urea rations for about 14 weeks, suddenly went off feed. 
Kere again no explenation was apparent. 

A review was subsequently made of literature pertaining 
to dietary factors known to be implicated in anorexia of 
ruminants. One of the factors studied was cobalt and certain 
authorities (18) suggested that its relation to anorexia of 
ruminants was a result of its influence on the organisms of 
the rumen. 

To investigate what influence dietary cobalt might have 
on this refusal of urea-grain mixtures cobalt chloride was fed 
at the rate of about 0.05 grm. daily to the two cows previously 
mentioned (No. 6 and No. 11). At the end of one week they had 
returned to full feed and the cobalt supplementation was dis- 
continued. From this time until the end of the experiment they 
remained on full feed and showed no further dislike for the 


rations 
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After this favorable response to cobalt three other cows 
(Nos. 10, 19 and 20) that had shown dislike for urea rations 
were fed about 0.05 grm. of cobalt chloride daily for 8 days. 
Reactions to urea rations following this treatment were varied. 
Cow No. 10, on the linseed meal mixture, refused the 0.5% urea 
mixture entirely. Cow No. 19, on the 0.5% urea mixture showed 
more liking for this ration but refused to eat a mixture con-= 
taining 1% urea. The third cow (No. 20) had previously refused 
the 0.5% urea mixture entirely. However, when offered the same 
mixture following the feeding of cobalt, she ate it for three 
days before beginning to show dislike. 

These limited data appear to indicate that dislike for 
&@ urea-grain mixture may, in some cases, be alleviated by the 


addition of a small amount of cobalt to the ration. 


Conclusions: 

Owing to the limited number of cows available for this 
experiment definite conclusions are impossible but the results 
obtained suggest that further experimentation is warranted to 
establish what effect the continued feeding of these urea 
rations with or without cobalt may have on the bacterial flora 


of the rumen. 


(2) Free Choice: 


To determine the importance of flavor of urea as a factor 
influencing the palatability of a urea-greain mixture, ten cows = 


5 Jerseys and 5 Holsteins - were offered a linseed meal mixture 
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and a 0.5% urea mixture simultaneously. It was expected that 
they would consume the more palatable mixture first. 

In no case was the linseed meal mixture favored over 
the urea mixture, which would tend to indicate that there was 
no difference in the acceptability of the flavors of the two 
mixtures. However, interpretation of this response is made 
difficult by the previous observation that no cow would refuse 
a urea-grain mixture the first time it was fed, even if that 


mixture contained 3% of urea. 


Conclusions? 

Flavor of urea may be a factor influencing the palat- 
ability of a urea-grain mixture but, if so, this flavor would 
seem to be such that cows will eat small amounts of it at least 
once before learning to recognize and reject it. 

However, tits reaction might also be interpreted as 
additional evidence that urea in the ration upsets the physiology 
of digestion and that refusal of the urea mixture results from — 


this disturbance. 
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GENERAL DISCUSSION 


Evidence gathered through two years of experimentation 
with urea indicates that taste of urea is not, per se, the 
factor determining the palatability of a urea mixture. On 
the contrary, the response accorded such mixtures is the res- 
ponse to be expected toward a ration that, while pleasing to 
the taste, causes certain reactions during digestion that may 
subsequently cause the cow to avoid it instinctively. 

One explanation of the unpalatable nature of certain 
urea rations may be that they have a deleterious effect on the 
bacterial flora of the rumen. Recent. work has demonstrated 
the bacteriostatic effect of urea (36) and it is quite possible 
that urea in the ration may, by inhibiting the growth of certain 
bacteria in the rumen, alter the bacterial flora and in this 
way upset the physiology of rumen Gl gost iden: 

While this is merely speculation, several authorities 
have suggested that the nature of the rumen flora is an import- 
ant factor conditioning the cow's response to a urea ration. 

Dr. C. W. Turner, in a review of the role of urea in ruminant 
nutrition, stresses.the importance of determining the optimum 

conditions for bacterial growth with urea as the source of 
nitrogen, and asks the questions, "Are the favorable effects 
from certain rations due to the presence of growth-promoting 
factors for the rumen organisms? Will some vitamin-like sub= 
stances or precursors of the vitamins aid in bacterial growth? 


Are trace elements of any importance?" 
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Certainly the response obtained when cobalt was added 
to the urea ration would tend to uphold the theory that the 
unpalatability of certain urea rations stems from some altera- 
tion in the rumen flora and that this change was reversed by 
the addition of cobalt to the diet. 

However, to investigate this theory further experimenta- 
tion must be undertaken to demonstrate what qualitative and/or 
quantitative changes occur fa the rumen flora when urea rations 


with or without cobalt supplementation are fed. 


CONCLUSIONS 


Results obtained in the experimental work described in 
this report support the following conclusions: 

(1) Individuality of the cow is the most ostensible 
factor influencing the palatability of a urea ration. 

(2) Breed of cow is of some importance; in this experi- 
ment Jerseys were more prone to show dislike for urea mixtures 
than were Holsteins. 

(3) Molasses (Betalasses) does, to a certain degree, 
enhance the palatability of a urea mixture, but even 10% of 
molasses will not ensure the palatability to all cows of a 3% 
urea mixture. Further experiments are required to determine 
the effect on palatability of including small amounts of molasses 


in mixtures containing 0.5% and 1% of urea. 
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(4) The mixing of grain with silage at feeding time 
will, to a limited degree, overcome the unpalatability of a 
urea mixture. 

(5) The amount of urea in a grain mixture is an import- 
ant factor in determining the palatability of that mixture. 

(6) The response obtained when the urea rations were 
supplemented with cobalt, together with the apparent non- 
importance of flavor of these urea mixtures may be interpreted > 
as evidence of an alteration in the rumen flora (and hence 
physiology of digestion) induced by the use of urea in the 


diet. 
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